The aim of this study is to synthesize available information on sea pens in the Mediterranean Sea and fill existing knowledge gaps through modelling of suitable habitat, with the overarching goal of informing strategies for protecting sea pen habitats from trawling impacts and facilitating their recovery. A review spanning the last 30 years was conducted to map the distribution of Mediterranean sea pen species. In the Adriatic Sea, presence-absence data were modelled with generalized additive models (GAMs) to identify potentially suitable habitats for Funiculina quadrangularis, Virgularia mirabilis, and Pennatula spp. Results show that sea pen distribution in the Mediterranean is mainly limited to continental northern shelves. Six species have been recorded throughout the Adriatic basin, where habitat suitability models confirm that its soft bottoms yield favourable conditions for sea pen assemblages. This information can help guide strategies for diminishing and reversing the impacts of bottom trawling on these vulnerable habitats.
Introduction
Habitat-forming marine species, including seagrasses, maerl, sponges, corals, bivalves, and polychaetes support high local diversity by ameliorating physical conditions and providing refuge and food for a suite of associated species (Bertness and Callaway, 1994; Jones et al., 1994 Jones et al., , 1997 Cerrano et al., 2006) . These "foundation" species (Dayton, 1972) or "ecosystem engineers" (Jones et al., 1994) are particularly important in soft sediment marine habitats, where they form tridimensional structures and patchiness in an otherwise homogeneous habitat. While much work has focused on a subset of important habitat formers, particularly corals and seagrasses, other organisms such as sea pens are relatively understudied and basic information on their distribution and ecology is largely lacking. Filling this gap is crucial for increasing our understanding of marine ecosystem functioning and services provision, as well as to conserve or restore them in the face of human exploitation and impacts.
Pennatulacea (Cnidaria, Octocorallia), known as sea pens, is a subclass of anthozoans adapted to live in soft bottoms, mainly muddy or sandy. Sea pens are gonochoric, with a 1: 1 sex ratio and broadcast gametes spawning was reported in Ptilosarcus gurneyi (Chia and Crawford, 1973) , Virgularia juncea (Soong, 2005) , P. phosphorea (Edwards and Moore, 2008) , and Funiculina quadrangularis (Edwards and Moore, 2009 ). Larvae are not well described but are supposed to be lecithotrophic (Eckelbarger et al., 1998; Soong, 2005; Moore, 2008, 2009) . Longevity and growth rates are not known for the Mediterranean sea pen species. Sea pens play a fundamental ecological role adding structural complexity to an otherwise homogeneous habitat, thereby increasing biodiversity (Tissot et al., 2006; Porporato et al., 2012; De Clippele et al., 2015) . They can act as substrate and refuge for eggs, larvae and juvenile fishes (Baillon et al., 2012) , and invertebrates (Krieger, 1993) . They also alter water current flow, thereby retaining nutrients and entraining plankton near the sediment (Tissot et al., 2006) . They increase food bycatch (Edinger et al., 2007; Doyle et al., 2015) , suggesting habitat association between these species and sea pens.
The dramatic fish stock depletion documented for the Mediterranean Sea, and the Adriatic Sea in particular (Grbec et al., 2002; Coll et al., 2010) is highlighting the need to implement new strategies for sustainable exploitation of resources. Restoring the habitats and species on which key resources depend should provide efficient recovery of the whole marine environment. These efforts, however, are limited by a lack of robust baselines for conservation and restoration. Habitat suitability models have been used to predict the potential distribution of VMEs (mainly cold-water corals) and inform the design of protected areas for VMEs (Tittensor et al., 2009; Davies and Guinotte, 2011; Tracey et al., 2011; Yesson et al., 2012; Knudby et al., 2013) . Studies of the distribution and habitat preferences of sea pens are scarce, globally (Greathead et al., 2007 (Greathead et al., , 2014 Krigsman et al., 2012) and almost absent in the Mediterranean Sea (Lauria et al., 2017) . To fill this gap, we provide a synthesis of spatial knowledge of sea pens living in the Mediterranean Sea. Moreover, we report the first application of habitat suitability models for sea pens in the northern-central Adriatic Sea, where we have been able to collect a high number of sea pen records. Habitat mapping of Adriatic soft-bottom communities and of VMEs may contribute to the identification of priority areas in need of conservation, and support the development of an ecosystem base management (EBM) approach to support the recovery of the overexploited resources of the Adriatic Sea.
Material and methods

Mediterranean sea pen distribution
In order to describe the bathymetric and geographic distribution of Mediterranean sea pens, we performed a detailed review of published information spanning the last 30 years, from 1980 to 2017. Records of occurrence, together with the geographic location and bathymetric range were compiled for 12 species (see Supplementary Table S1 ). Coordinates were obtained and plotted using the open source software QGISS 2.4.0 (http://www.qgis. org/it/site/) to map the known distribution of Mediterranean sea pen species. A taxonomic identification at the species level was not possible for some records, in particular for data of publications describing deep benthic assemblages surveyed by ROV video (see Supplementary Table S1 ). In these cases, we plotted the distribution at the genus level.
Adriatic sea pen distribution and habitat suitability models
The Adriatic Sea is a semi-enclosed basin approximately 800 km long and 200 km wide located between Italy and the Balkan Peninsula, with a wide continental platform. Mean depths range from 35 m in the northern basin, to 130-150 m in the central portion. The depth rapidly increase in the southern region reaching a maximum of about 1200 m (van Straaten, 1970; Trincardi et al., 1996) . The Adriatic collects many freshwater inputs from the land, which creates one of the most productive basins of the Mediterranean Sea, with high levels of species richness and endemism (Lotze et al., 2011) . This triggers a complex system of anthropic pressures (Coll et al., 2007 (Coll et al., , 2009 Lotze et al., 2011; Micheli et al., 2013a) , of which fishing is one. Several authors have highlighted the urgent need to implement conservation actions in the Adriatic Sea (Micheli et al., 2013b ; UNEP/MAPSea pens in the Mediterranean Sea RAC/SPA, 2015; Bastari et al., 2016) . One key method that could achieve effective management of Adriatic marine resources would be to map VMEs.
Sea pens dataset
We collected data on the distribution of sea pens in the Adriatic Sea from different sources: (1) a literature review for published occurrence records; (2) data from onboard observations of commercial fishing operations, and (3) a standardized scientific rapido-trawl survey.
(1) The literature record was targeted to describe which species of sea pens live in the Adriatic Sea and where. The data comprised literature records from 1980 to 2016 (see Supplementary Table S1 ).
(2) Occasional catches recorded by the onboard observers of the Ancona semi-pelagic pair trawl fishery (personal observations). These data were collected in 2011, onboard of mid-water trawlers vessels, which mainly operate in the area offshore the Marche region.
(3) The scientific rapido-trawl surveys were carried out in the northern and central Adriatic Sea spanning the period 2007-2015, in the fall season (Bastari et al., 2013; Salvalaggio et al., 2016; Brunetti, unpublished) . For each haul, all the collected specimens were classified to the lowest possible taxonomical level. Details on the gear used and sampling scheme of the trawl surveys are in Grati et al. (2013) .
Data from all the three datasets (literature review, the opportunistic sampling on commercial vessels, and presence observation of sea pen species from the trawl surveys), were used to map the distribution of Adriatic sea pens and to visualize their geographic distribution. The rapido-trawl survey data were also used to create habitat suitability models through the use of generalized additive models (GAMs) (see below for a detailed explanation of data analysis and model construction). During the rapido surveys, a total of 648 hauls were carried out in a depth ranged from 5 to 140 m. We identified the presence or absence of sea pens at each sampled station, together with the geographic position (latitude and longitude) of each hauls (Bastari et al., 2013; Brunetti, unpublished) . We then merged the presence-absence dataset with an independently assembled environmental dataset (see below) to enrich the survey observation with environmental covariates useful to explain the presence-absence data.
Environmental dataset used for predictive models
The environmental variables used to identify suitable habitats for Adriatic sea pens were depth, salinity, temperature, and sediment composition in terms of the fraction of sand, mud, and gravel. Sediment compositions were extracted from the ADR_ONE database (http://instaar.colorado.edu/jenkinsc/dbseabed/coverage/ adriaticsea/adriatico.htm). Un-sampled locations were estimated by interpolation with a method described in Ferretti et al. (2013) . The final grid resolution of the sediment dataset was of 0.02 degrees. The bathymetric data for the Adriatic Sea were downloaded from the European Marine Observation and Data Network (EMODnet) portal (http://www.emodnet.eu/). This bathymetric layer had a grid resolution of 0.016 by 0.016 degrees (approximately 4 km 2 grid size). Temperature and salinity data were obtained by the SeaDataNet portal (http://gher-diva.phys. ulg.ac.be/web-vis/clim.html) and had a resolution of 0.125 by 0.125 degrees (around 200 km 2 grid size). Monthly mean bottom values of temperature and salinity, corresponding to the month of the trawl surveys (obtained from Brunetti, unpublished), were extracted from the data portal. We used these environmental data to characterize depth, salinity, temperature, and sediment composition of the sampling stations of the surveys used for the analyses, by matching the station coordinates with the correspondent pixels of the above environmental rasters.
Data analysis
We fitted separate models for F. quadrangularis and V. mirabilis. For P. phosphorea and P. rubra, which can be difficult to identify by non-specialists, we ran a single model at the genus level (Pennatula spp.) including records of both Adriatic species.
The probability of detecting sea pens was modelled by fitting GAMs with binomial distribution and logit link function with the mgcv R package. The response variable was presence/absence of sea pen species, while the explanatory variables were latitude, longitude, depth, the log ratio between mud-sand and gravel-sand contents (R m ¼ log(mud/sand), and R g ¼ log(gravel/sand)), temperature, and salinity. These variables were selected because deemed important to explain the variability of sea pens abundance (Greathead et al., 2014; Lauria et al., 2017 ). All variables were tested for collinearity using the variance inflation factor (VIF) (Zuur et al., 2010) . Only latitude and longitude revealed strong collinearity (VIF > 2; Supplementary Figure S1 ). To represent both terms in the model, we ran a linear regression of the terms against each other and we used longitude and the residuals of the linear regression in lieu of latitude to exploit the explanatory potential of the uncorrelated portion of this variable (Graham, 2003) . In order to select the best subset of variables describing the habitat of the focal species, we used an information-theoretic approach by using the MuMIn package in R (Barton, 2015) . From a saturated model having all variables listed above
where e i N ð0; r 2 Þ where f 1 (X i ), f 2 (Z i ) and f n (W i ) are smoothing functions of the explanatory variables X i , Z i , W i (i.e. depth, salinity, temperature, etc.) respectively, we fitted exhaustively all combination of terms, considering only the main effects and no interactions.
Models were ranked on the basis of their relative Akaike's Information Criterion (AIC) (Burnham and Anderson, 2002) . Hence, we selected a 95% confidence set of equally plausible models describing the data and from these, we calculated an average model. In particular, we extracted a list of fitted models, which the cumulative sum of the model weights were <¼.95 (Burnham and Anderson, 2002 ) and then we averaged these models based on the AIC.
Species distribution data often display spatial autocorrelation, indicating that variables recorded in nearby locations are more similar than those recorded further apart. This aspect violates the GAMs assumption that residuals are independent and identically distributed. Although we included the samples' spatial coordinates to address this aspect, we further checked for spatial autocorrelation by plotting the residuals of the global model versus their spatial coordinates (Zuur et al., 2009 ) and produced a variogram of the residuals (Supplementary Figure S2 and Figure S3 ).
Because the majority of data were available for the central and northern basin of the Adriatic Sea, we fitted the models and predicted values only for latitudes greater than 42.5 N, in order to exclude model fitting and predictions in areas scant of observations. To assess the accuracy of the predictive model we calculated the area under curve (AUC). AUC values above 0.7 indicate an acceptable level of model performance (Fielding and Bell, 1997) . Because spatial autocorrelation may inflate AUC values (Vierod et al., 2014) we also ran a k-fold cross validation as additional criteria to evaluate the predictive performance (i.e. accuracy) of the models, using the CVgam function of the R package gamclass (http://cran.r-project.org/web/packages/gamclass/index.html). The CVgam function generates an estimate based on the complete data (called scale parameter, GAMscale). Moreover, it produces an estimate of mean-squared error scale parameter from crossvalidation (CV-mse-GAM), representing an unbiased estimate of accuracy (Robertson et al., 2015) . When model assumption holds and the accuracy of the model is good, the mean square estimate will be slightly larger than the scale estimate.
Salinity and temperature were at a resolution coarser (around 200 km 2 grid size) than the other environmental variables used in the model (approximately 4 km 2 grid size). In order to test whether using average values of these variables had an effect on model results and evaluate the influence of deviations around these means on the parameter estimates we refit our best model 1000 times, when temperature and/or salinity were present in the best model. Each time we randomly sampled temperature and salinity of each observation drawing from a normal distribution with mean T i or S i and standard deviation equal to their associated standard error. We then calculated the deviance explained and the AUC for each refitted model. The full range of the variation of the models' performances has resulted to be small (Supplementary Figure S4) . Thus, we can assume that the use of average values of temperature and salinity variables did not affect model results.
All the analyses were performed by using the open source statistical software R (3.3.1) (https://www.r-project.org/). We used the open source software QGISS 2.4.0 to produce and visualize the final maps of the predicted probability of the sea pen species in the northern-central Adriatic. We ran an interpolation using the algorithm inverse distance weighted (IDW) within the raster tool in QGISS. The IDW is a well-known interpolation method where points are weighted inversely by some measure of distance from the target data (Fortin and Dale, 2005) . This method allows predicting a value for any unmeasured location. As the distance increases, the weight of the distant points decreases on the unknown value during the interpolation process.
Results
Sea pens in the Mediterranean Sea
Most of the Pennatulacea records detected from 1980 to 2017 are localized on the continental shelves of the northern Mediterranean Sea (Figure 1) . Information for the central and eastern Mediterranean basins is limited, and it is mainly from the Strait of Sicily, the Adriatic and North Aegean Seas. Recent records are also available from the Mediterranean coasts of Egypt (Abdelsalam, 2014) . No scientific reports are available for the majority of the southern regions of the Mediterranean Sea.
Six species, in the genera Funiculina, Pteroeides, Pennatula, and Veretillum, showed similar spatial distribution (Figure 1a-d) being recorded in the whole Mediterranean Sea across a wide depth range (from 20 up to 1000 m, see Supplementary Table S1 ). The only exception is Pennatula aculeata Danielssen, 1860, recorded only along Granada coast and Gibraltar Strait (Figure 1c and Supplementary Table S1 ). Species belonging to the genera Cavernularia, Kophobelemnon, Crassophyllum, and Protoptilum were recorded less frequently with a scattered distribution or in a single area. For example Crassophyllum thessalonicae Vafidis and Koukouras, 1991 has been recorded only in the Aegean Sea, and Protoptilum carpenteri Kölliker, 1872 was reported for the first time in the Mediterranean Sea in Santa Maria di Leuca area in 2014 (Mastrototaro et al., 2014;  Figure 1e and Supplementary Table S1 ). The species Virgularia mirabilis (Müller, 1776) showed a widespread distribution in the north-west and north-central Mediterranean, and up to now, it is the most common sea pen recorded in the Adriatic Sea (Figures 1f and 2 and Supplementary  Table S1 ).
Sea pens in the Adriatic Sea: known distribution and habitat suitability models Reported distribution
Of the 12 Mediterranean sea pen species, six species (belonging to five genera: Funiculina, Pennatula, Pteroeides, Veretillum, and Virgularia) have been reported in the Adriatic Sea. Most of the records we analyzed were in the central and northern Adriatic, declining in abundance southward (Figure 2) .
Funiculina quadrangularis was recorded in offshore areas of the northern-central Adriatic from 40 to 270 m, in the Pomo (Jabuka) Pits, while in the southern basin it was reported in the offshore area of Montenegro up to 500 m (Figure 2 ). The two species of Pennatula (P. rubra and P. phosphorea) and the species Pteroeides spinosum were recorded both in coastal and offshore areas of the basin. The offshore presence of these three species mainly overlaps, while there are differences in records in coastal areas. In particular, P. rubra was recorded along the Apulia (Italy) Montenegro and Albania coasts, while P. phosphorea in Croatian shallow waters (Supplementary Table S1 ). The coastal distribution of P. spinosum is instead limited to the coast of Istria, Croatia, and Albania (Figure 2 and Supplementary Table S1 ). The species was recorded also in deep waters of the south Adriatic Pit (up to 800 m depth). The species Veretyllum cynomorium was reported only in the Tela s cica Nature Park, in Croatia, in shallow waters (around 15-25 m depth) (Figure 2 and Supplementary Table S1 ). Finally, Virgularia mirabilis is mainly distributed in the northern Adriatic and along the Italian coasts. Few records exist from Albania and Croatia shallow waters (Figure 2) . The bathymetric depth range of the species in the Adriatic basin is 10-74 m depth.
Habitat suitability models
Considering the best model for F. quadrangularis, Pennatula spp., and V. mirabilis, of all the explanatory variables, depth was of primary importance for predicting the most probable presence of F. quadrangularis. The ratio between mud/sand content (R m ) was also present in the best model, but with no statistical significance ( Table 1 ). The variables that mainly influence the presence/absence of V. mirabilis were the ratio between mud/ sand content (R m ), temperature, and salinity. Explanatory variables that mainly influence the distribution of Pennatula species Sea pens in the Mediterranean Sea were longitude, the ratio between gravel/sand content (R g ), depth, and temperature, though only longitude was statistically significant (p-value ¼ 0.05; Table 1 ).
Presence/absence models indicate the most suitable habitats for different sea pen species, and highlight different speciesspecific preferences (Figure 3 ). In our case, the habitat suitability models obtained using the average of the models with a confidence set of the 95% suggested that F. quadrangularis and Pennatula spp. have the highest probability to be found in areas deeper than 40 m, in the central offshore areas of the basin (Figure 3) . However, F. quadrangularis mainly occupied the Pomo (Jabuka) Pit bottoms (that reaches up to 260 m depth), while the probability to find Pennatula spp. is high in areas up to 100 m depth and in the Kvarner Gulf (Figure 3 ). The most suitable habitats for V. mirabilis were mainly localized in shallow areas of the northern-central basin (Figure 3) .
The estimated AUC values of the models range from 0.8 to 0.9, indicating an excellent level of model performance (Table 1) .
Discussion
This study is the first to compile and summarize the distribution of all the 12 known sea pen species in the Mediterranean Sea. Overall, our review highlights that little is known about the abundance and distribution of sea pens in the region. A few studies are available for large Mediterranean areas, with the exception of a recent work in the Strait of Sicily (Central Mediterranean Sea) (Lauria et al., 2017) and virtually none from the southern and eastern regions. Moreover, all species' records are limited to continental shelves, leaving deep-water habitats of the Mediterranean basin poorly known (IUCN, 2014) . Thus, there is a need to improve the data collection of sea pen species, in particular for southern, offshore, and deep areas, in order to improve the identification of Mediterranean VMEs.
The detailed analysis on sea pens distribution in the Adriatic Sea showed that pennatulids colonized a wide bathymetric range and all the different sub-regions of Adriatic bottoms. Variation among the six sea pen species distribution is related to their different ecological requirements and morpho-functional features. Virgularia mirabilis has a large muscular peduncle that allows colonies to retract completely and rapidly inside sediments (Greathead et al., 2014) . This allows V. mirabilis to colonize more unstable habitats, with a high content of gravel sediments, usually typical of shallow waters (Greathead et al., 2007) , as confirmed also in the Adriatic. Moreover, the withdraw capacity of V. mirabilis may make this species more resilient to trawling disturbance compared to other sea pen species that are probably more easily entangled in nets and removed by trawlers. Funiculina quadrangularis, for example, has no withdraw capacity Figure 1 . Distribution maps of the Mediterranean sea-pen species. Different symbols represent different species, when data were available at the species levels. Rare genera were aggregated. (a) Funiculina quadrangularis records; (b) Pteroeides spinosum records; (c) Pennatula phosphorea, P. rubra, P. aculeata, and Pennatula spp. records; (d) Veretillum cynomorium records; (e) Cavernularia pusilla, Kophobelemnon leucharti, K. stelliferum, Crassophyllum thessalonicae, and Protoptilum carpenteri records; (f) Virgularia mirabilis records.
and can protrude up to 1 m above the seafloor, making it one of the sea pen species that are most vulnerable to bottom trawling (Huges, 1998; Eno et al., 2001; Greathead et al., 2007) . Information about P. phosphorea hightlights that usually this species shares the same habitat of V. mirabilis and F. quadrangularis (Eno et al., 2001; Greathead et al., 2007) . Pennatula phosphorea has been recorded in sandy or muddy sediments between 15 and 100 m and it is reported to be more widespread than F. quadrangularis (Greathead et al., 2014) . No ecological information are available for P. rubra. However, considering just the external morphology, the two Pennatula species can be easily confused, especially in the case of photo identification method (PIM). Thus, the actual distribution of P. phosphorea and P. rubra needs to be clarified because of possible misidentifications. However, the present study in the Adriatic Sea shows an overlap in the distribution between Pennatula spp. and F. quadrangularis as reported in the literature (Greathead et al., 2014) .
Habitat suitability models, with the production of maps predicting the probability of occurrence of VMEs by extrapolating information even into un-sampled locations (Hirzel et al., 2002) , may provide useful information to adequately address marine spatial planning and to focus management and conservation measures. Our maps show the most probable habitats for sea pen species in the norther and central Adriatic basin. The results suggest that the bottoms of central offshore areas and some shallower areas (from 15 m depth) host VMEs. Our habitat suitability models reveal with good approximation (AUC values >0.8; Table 1), that there is still a possibility to find and thus manage, sea pen Sea pens in the Mediterranean Sea habitats in several Adriatic areas. Surveys on sea pen discard from fisheries observations are commonly used to reconstruct soft corals presence, distribution, and fishing impacts (Greathead et al., 2007; Cogswell et al., 2011) but these data are scarce for the Adriatic Sea (Martinelli et al., 2013) . Traditional sampling with grab, trawl, or dredge can introduce sampling bias due to the patchy distribution of sea pens, and the species may not be adequately sampled by the gear with consequent underestimation. Several authors underlined that quality and quantity of available data and sampling gears are fundamental to produce robust habitat suitability models and consequently useful predictions of VMEs occurrence for the management of human activities (Cogswell et al., 2011; Anderson et al., 2016) . International criteria to define VMEs reject the use of bycatch data as sufficient criteria to map these habitats , but encourage multi-disciplinary approaches including visual ground truthing and multi-beam sonar mapping, and incorporating fishery footprints, to develop accurate VME maps. The need to develop multi-disciplinary approaches in VMEs mapping has also emerged in this study. The environmental variables used as predictors for habitat suitability models of the Adriatic sea pen were not always significant (Table 1) . Sediment composition, salinity, and temperature did not explain the patterns in distribution of all the species and we suspect that Adriatic sea pen distribution may be affected by others variables, including anthropogenic impacts such as fishing. The Adriatic soft bottoms have been highly impacted by bottom trawling (Santelli et al., 2017) for centuries (Lotze et al., 2011) . Intense bottom trawling destroys sessile organisms such as sea pens and corals, compromising an actual management of fishing resources. Thus, further analysis is needed to relate fishing effort and the effects of towed gears in particular, on the recovery of tridimensional soft bottoms habitats in the Adriatic Sea. Values range from 0 (lowest probability to find sea pens in the area) to 0.9 (highest probability to find sea pens in the area). We limited the predictions to areas northern than 42.5 N.
The high level of cumulative impacts affecting the Adriatic basin, in particular fishing activities (Lotze et al., 2011; Micheli et al., 2013a, b) , may have contributed to shape the present composition and distribution of benthic assemblages, including sea pens. Historical data about abundances and distribution of Adriatic Pennatulacea are scant, and identifying a pristine, undisturbed condition is difficult because of the long history of use and alteration of these ecosystems. The abundances and distributions of Adriatic sea pens may have been decreasing in the same way that happened in other world regions (Hixon and Tissot, 2007) , but a dearth of baseline data and experimental studies of the effect of trawling in the basin make this assessment difficult. Sea pens have declined in the Ligurian Sea, in the north-western Mediterranean, where in the 1970s soft coral habitats were very common, but currently have disappeared from intensively trawled areas (Tunesi and Diviacco, 1997) . Similar negative trends have been reported from Algeria, where otter trawling fisheries on muddy bottom targeting shrimp Parapenaeus longisrostris impacted the benthic habitats associated with F. quandrangularis (Tudela, 2004) . Moreover, it is possible to infer that sea pen species may reach maturity at 5 or 6 years of age and may live for over a decade (Wilson et al., 2002; Ager, 2003; Neves de Moura et al., 2015) . Because of their sessile, slow-growing and long-life cycles (Hixon and Tissot, 2007; Neves de Moura et al., 2015) , the recovery of sea pens from trawling disturbance is expected to be difficult and slow.
The development and implementation of EBM approaches, including the conservation of critical habitats, should be fundamental to the recovery of Adriatic and Mediterranean marine ecosystems and resources. The identification of areas where sea pens are currently present and might recover if protected from physical disturbance, may help the selection of priority areas . Current management of fisheries in the Mediterranean Sea has rarely taken into account soft bottom VMEs. The VMEs database created by the Food and Agriculture Organization (FAO) (http://www.fao.org/in-action/vulnerablemarine-ecosystems/en/) for the identification and the management of VMEs in areas beyond national jurisdictions (ABNJ) includes, for the Adriatic Sea, only areas deeper than 1000 m, where a trawl ban was implemented by the General Fisheries Commission for the Mediterranean (GFCM) in 2005 (Recommendation GFCM/2005/1). Recently, following several proposals to improve and expand management of Adriatic marine resources (Bastari et al., 2016) stressing the importance of promoting the recovery of Adriatic stocks and soft bottom habitats, the GFCM has established a fishery restricted areas (FRA) in the Pomo (Jabuka) Pit (central offshore Adriatic). The FRA includes a no-take area of around 1400 km 2 , and it has been in force for 3 years, with the possibility to extend this period depending on the outcomes of the trawling ban on stocks (GFCM, 2017) . Monitoring and enforcement of the FRA will be fundamental to evaluate the effects of the trawl ban in a vast area of the central Adriatic Sea and for the study of the potential recovery of its communities.
Conclusions
Sea pens are important indicators for VMEs but have been poorly studied in the Mediterranean Sea. Data on their natural history, abundance, and distribution are urgently needed. Our work gives a first picture of the status of sea pens in the entire basin and it sets a baseline for future analysis and mapping of the soft bottoms VMEs of the Adriatic Sea and broader Mediterranean region. The habitat suitability maps of the Adriatic sea pen species presented here provide the first extended study about soft bottom habitatforming species in the Adriatic basin. Sea pen habitats are one of the few soft bottom habitats to be classified as EFHs and VMEs, with increasing attention by international organizations on sandmud seafloor ecosystems. These habitats should be taken into account in the selection of priority areas in need of protection. Our suitability models highlight a good (>0.5) presence probability of different sea pen species both in shallow and offshore areas of the Adriatic basin. However, to define an effective management strategy for sea pen and associated habitats, and to increase the accuracy of habitat suitability models predictions as indicator of VMEs, more detailed studies should be done, in particular including past and current fishing effort as explanatory variables in the models. The unregulated fishing practices and the lack of knowledge of the ecological role played by soft bottom habitats makes it difficult to define clear management and protection actions for the sustainability of Adriatic and Mediterranean marine resources. The established FRA could represent a fundamental step in promoting the recovery of Adriatic stocks and it represents a starting point for the recovery of the whole basin. However, the temporal scale of the trawling ban (3 years) could be not enough for the recovery of long-lived soft bottom species.
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